The neonatal Fc receptor for IgG (FcRn) is a distant member of the MHC class I protein family. It binds IgG and albumin in a pHdependent manner and protects these from catabolism by diverting them from a degradative fate in lysosomes. In addition, FcRn-mediated IgG transport across epithelial barriers is responsible for the transmission of IgG from mother to infant and can also enhance IgG-mediated antigen uptake across mucosal epithelia. We now show a previously undescribed role for FcRn in mediating the presentation of antigens by dendritic cells when antigens are present as a complex with antibody by uniquely directing multimeric immune complexes, but not monomeric IgG, to lysosomes.
The neonatal Fc receptor for IgG (FcRn) is a distant member of the MHC class I protein family. It binds IgG and albumin in a pHdependent manner and protects these from catabolism by diverting them from a degradative fate in lysosomes. In addition, FcRn-mediated IgG transport across epithelial barriers is responsible for the transmission of IgG from mother to infant and can also enhance IgG-mediated antigen uptake across mucosal epithelia. We now show a previously undescribed role for FcRn in mediating the presentation of antigens by dendritic cells when antigens are present as a complex with antibody by uniquely directing multimeric immune complexes, but not monomeric IgG, to lysosomes.
IgG ͉ immune complexes ͉ dendritic cells P rofessional antigen (Ag)-presenting cells (APC) such as macrophages and dendritic cells (DC) are specialized cells that take up extracellular Ag either by nonspecific pinocytosis or more efficiently by receptor-mediated uptake. After processing in acidified endosomes and lysosomes, Ag fragments are loaded onto MHC class II molecules and presented to T cells. DCs express several types of Fc␥ receptors (Fc␥R) that bind the Fc portion of IgG molecules with different binding affinities (1) (2) (3) (4) . Ags incorporated in immune complexes (ICs) are taken up and presented by DC more efficiently than soluble Ags alone, an effect that has been attributed to the stimulatory signals mediated by activating Fc␥Rs and increased uptake efficiency of Ag when receptor-mediated uptake via Fc␥R, in particular Fc␥RII, is engaged (2) .
The neonatal Fc receptor for IgG (FcRn) is an Fc-binding molecule that is structurally and functionally different from the Fc␥R. FcRn is related to the MHC class I protein and consists of a glycosylated heavy chain in noncovalent association with ␤2-microglobulin (5) . FcRn binds its two major ligands, IgG and serum albumin, in a pH-dependent manner, in which efficient binding is seen only at acidic pH Ͻ6.5 and not at neutral pH Ͼ7.0 (6, 7). The FcRn-binding site on IgG involves several histidine residues at the CH2-CH3 domain interface of the Fc fragment and is distinct from binding sites for Fc␥R (8, 9) . The main biological functions for FcRn have been identified to be protecting IgG from catabolism by diverting bound IgG molecules away from a degradative fate in lysosomes, a similar protective function for serum albumin, and transport of IgG across epithelial and endothelial barriers that is responsible for transmission of IgG from mother to infant and IgG mediated uptake of Ags across epithelial barriers (7, (10) (11) (12) .
In rodents, intestinal expression of FcRn within the epithelium is down-regulated upon weaning, whereas human intestinal epithelial cells continue to express FcRn into adulthood (13) . In addition, human FcRn is expressed in other adult parenchymal cells such as kidney and bronchial epithelial and endothelial cells (14, 15) . The expression of human FcRn has been identified in hematopoietic cells such as small intestinal macrophages, monocytes, and monocyte-derived DC but not other closely related immune cells such as B and T cells (16) . Similar to human APC (16) , adult murine DC express FcRn (17) . The specific expression of this recently discovered Fc-binding receptor in professional APC prompted us to investigate whether FcRn may be involved in the uptake and presentation of Fc-containing Ags. In this study, we show that FcRn in human and murine DC enhances the uptake and presentation of Ag-antibody ICs indicative of a previously uncharacterized function for FcRn; a role in adaptive immunity.
Results
FcRn Is Expressed in Adult Murine APC. Similar to earlier reports of human FcRn expression in professional APC (16), we observed FcRn mRNA expression in adult WT B6 murine bone marrow (BM), macrophages, and BM-derived DC [supporting information (SI) Fig. S1 A] . Western blot analysis of WT splenic DC lysates confirmed FcRn protein expression as defined by a 50-kDa band that was absent in DC lysates from FcRn-deficient mice (Fig. S1B ). These studies show that FcRn is expressed in both mouse and human DC in agreement with previous reports (16, 17) .
FcRn Enhances Ag Presentation of Murine DC Both in Vitro and in Vivo.
We next sought to determine whether FcRn within mouse DC affected Ag presentation. We took advantage of the fact that mouse FcRn is able to bind human IgG 1 Fc with high affinity (18) . We used a chimeric antibody that contains a murine Fab specific for the hapten 4-hydroxy-3-iodo-5-nitrophenylacetic acid (NIP) and WT Fc derived from human IgG 1 (19) . We further engineered this chimeric antibody to bear Fc mutations in three critical amino acids [I253A, H310A, and H435A (IHH)] (14) that disable binding to murine (20, 21) and human FcRn (22) . As shown in Fig. 1 , whereas the WT form of this chimeric antibody could interact with FcRn from human DC at pH 6, but not at pH 8, the IHH mutant isoform could not bind FcRn under the same conditions at pH 6. A 25-kDa band corresponding to the light chain of the NIP IgG antibody used to pull down the FcRn was present in equal amounts under all conditions ( Fig. 1 A) , showing that IHH mutation does not affect protein G binding. The IHH NIP IgG mutant also exhibited the same binding affinity to Fc␥R as the WT isoform when tested in an ELISA using soluble human Fc␥RII and Fc␥RI molecules; the two isoforms expressed by human DC (Fig. 1 B and D) (1) . This is in accordance with previous studies showing that the I253A and/or H435A mutations inhibit FcRn binding but have no effect on Fc␥R binding (9, 22) .
In an in vitro T cell proliferation assay, we observed that the OVA 323-339 T cell epitope was more efficiently presented by WT murine DC to OT-II T cells compared with that observed with FcRn-deficient DC when NIP-conjugated ovalbumin (NIP-OVA, on average 15 NIP molecules per OVA protein) was provided as an IC with the engineered chimeric NIP IgG ( Fig. 2A) . When NIP-OVA was presented as a soluble Ag, there was no difference between WT and FcRn-deficient DC in the presentation of the OVA 323-339 epitope (Fig. 2 A) . Similarly, the presentation of this epitope was reduced when it was contained within ICs that were incapable of binding FcRn (IHH-mutated NIP IgG) relative to WT ICs and was unaffected by the presence or absence of FcRn expression by the DC (Fig. 2B) . Thus, when FcRn function is absent either by deletion of FcRn in the DC or abrogation of the ability of IgG to bind to FcRn, the presentation of Ag as an IC is significantly decreased.
To determine whether FcRn regulates Ag presentation by DC in vivo, we injected FcRn-expressing or -deficient DC loaded in vitro with FcRn-binding or nonbinding ICs containing the keyhole limpet hemocyanin (KLH) Ag into the hind footpads of WT B6 mice. Five days later, the extent of in vivo Ag presentation was examined by assessing IL-2 secretion and proliferation of T cells obtained from the draining popliteal lymph nodes as defined by a recall response to KLH. In this assay, the precursor frequency of KLH responsive naïve T cells is very low, and the Ag stimulation threshold needed to elicit T cell responses is relatively high. Consistent with this, when DC were incubated overnight with 50 g/ml NIP-KLH alone, washed, and injected s.c. into the footpads of WT mice, these Ag-loaded DC were unable to initiate a T cell response in the recipient naïve mice as assessed by in vitro recall assays (data not shown). In comparison, when WT DC were incubated overnight with FcRn-binding KLH ICs, washed, and then injected into the footpads, the Ag-loaded DC were able to initiate a robust T cell response to KLH as assessed by a concentrationdependent increase in 3 H-thymidine incorporation (filled symbols, Fig. 3 A and C) and IL-2 secretion (filled symbols, Fig. 3D ). In contrast, when FcRn-deficient DC loaded with the same KLH-ICs (open symbols, Fig. 3A ) or WT DC loaded with IHH-mutated KLH-ICs ( Fig. 3 C and D) were injected into the contralateral footpads of the same animal, the Ag presentation was markedly blunted, as evidenced by the largely absent in vitro recall responses to KLH. These studies show that FcRn function is critical for allowing a DC to present ICs to naïve T cells and initiate a T cell response in vivo.
To confirm these observations, we used an in vivo T cell proliferation assay to directly assess the effect of FcRn on Ag presentation. Immediately after i.v. transfer of carboxyfluorescein succinimidyl ester (CFSE)-labeled naïve OVA-specific DO11.10 T cells, the recipient WT or FcRn-deficient Balb/C mice were immunized s.c. with WT OVA-ICs in the left hind footpad (L) and with IHH-mutated and thus FcRn nonbinding OVA-ICs in the right hind footpad (R) of the same animal. The in vivo proliferation of the labeled DO11.10 T cells as a consequence of the uptake, processing, and presentation of the OVA-containing ICs by the host APC were then tracked by CFSE dilution of the transferred T cells in the draining popliteal lymph nodes. Because both sets of the functional and nonfunctional ICs contained similar amounts of OVA, it was observed that the highly OVA-reactive DO11.10 T cells proliferated vigorously in both sets of popliteal lymph nodes ( Fig. S2) . Therefore, to compare the effect of FcRn on Ag presentation, we chose to evaluate the extent of T cell proliferation in each lymph node sample with the calculated theoretical number of mitosis undergone by each progenitor cell, called mitosis/ progenitor ratio (M/P ratio) (Fig. S3 ) from a large group of mice (23) . In WT mice, the labeled DO11.10 T cells recruited to the left-side popliteal lymph nodes (L) draining FcRn binding, WT OVA ICs were observed to undergo more cell divisions compared with the same cells that were recruited to the right side (R) immunized with non-FcRn binding, IHH-mutated OVA-ICs (Fig.  4) . In contrast, in FcRn-deficient animals, no significant differences were observed in DO11.10 T cell divisions elicited by either type of FcRn-binding or nonbinding OVA ICs (Fig. 4) . These results show that the ability of an IC to be presented by a professional APC and to activate a T cell is significantly enhanced by its ability to bind FcRn.
FcRn in Human APC Enhances the Presentation of Large IgG-Ag
Complexes. We next sought to determine whether FcRn regulated the ability of human APC to present Ag. We first tested DC presentation of monomeric IgG-Ag complexes prepared with NIP IgG and peptides conjugated with one NIP molecule Nterminally. When presented by HLA-DQ2 molecules, a gliadinderived T cell epitope contained within this peptide can be recognized by intestinal T cells from celiac disease patients (24) . DC derived from HLA-DQ2-positive monocytes did not present the monomeric WT IgG-peptide complexes any more effectively than the monomeric IHH-mutated IgG-peptide complexes or the peptide alone (Fig. 5A ). To prepare multimeric ICs similar to the OVA ICs used in the murine assays, we covalently conjugated gliadin protein with NIP molecules by treating gliadin with Osu-NIP. The T cell epitope within the multimeric WT NIP-gliadin ICs was shown to be more effectively presented to T cells compared with multimeric IHH-mutated ICs that were unable to bind FcRn (Fig. 5B ).
To further demonstrate that FcRn-binding multimeric ICs were more efficiently presented, we synthesized a peptide conjugated with two NIP molecules such that it would form multimeric ICs upon incubation with NIP IgG. The presentation of FcRn-binding ICs formed by WT NIP IgG and these dual NIP-conjugated peptides by DC was indeed enhanced compared with that of similar ICs containing IHH-mutated IgG and thus were unable to bind FcRn. Importantly, the presentation of both classes of ICs by EBV transformed B cells that do not express FcRn were equal (Fig. 4C) . These studies show that FcRn also regulates Ag presentation by human DC, as shown with mouse DC when the Ag and antibody are present as multimeric ICs.
Multimeric FcRn Ligands Are Directed into Lysosomes in DC, Whereas
Monomeric Ligands Are Not. The studies described above show that not only does FcRn regulate Fc-dependent Ag presentation, but also that this regulation is observed only when the IgG-Ag complex is multimeric. This suggests that FcRn might direct the intracellular trafficking of its ligands differently depending on the valency of the bound ligands and thus determines whether Ag presentation is enhanced. To further test this hypothesis, we performed confocal studies to follow the trafficking of endogenously expressed FcRn in human monocyte-derived DC that was visualized by a biotinylated mouse anti-human FcRn monoclonal antibody. In the absence of ligands, FcRn in human DC was not observed to traffic to LAMPpositive lysosomes, in agreement with earlier results showing that FcRn avoids trafficking to lysosomes in endothelial cell lines (25) (Fig. 6A) . Shortly after coincubation with WT OVA ICs, the Alexa 647 -labeled WT NIP IgG was taken up rapidly by DC and detected in membrane-proximal intracellular compartments, presumably early endosomes that colocalized with FcRn (Fig. 6B) . After extended incubation periods of 25-50 min with these WT ICs, FcRn was observed to appear in LAMP1-positive lysosomes (Fig.  6D, arrowheads) . Such a colocalization was not observed after a similar incubation of DC with IHH-mutated ICs that were unable to bind FcRn as confirmed by statistically significant lower colocalization of the FcRn and LAMP1 markers (Fig. 6E and Fig. S4 ) or after incubation with monomeric FcRn IgG-Ag complexes (Fig.  6C) . These studies show that in the presence of multimeric, but not monomeric ICs or at baseline, FcRn and IgG are directed into lysosomes.
Hematopoietic Cell-Dependent Degradation of IgG in Multimeric
Immune Complexes in Vivo. Recent studies have shown that FcRn in mouse hematopoietic cells participates in the protection of monomeric IgG from degradation (17) . Based on our studies as shown above (Fig. 6) , it would be predicted that multimeric IgG would not be protected from degradation as FcRn would mediate movement of multimeric IgG-Ag complexes into lysosomes. Therefore, to further probe whether the degradative fate of IgG in vivo depends on the IgG valency, we monitored the in vivo serum half-life of transferred IgG molecules found in different molecular complexes. Multimeric IgG-Ag ICs were formed by coincubation of WT NIP IgG and NIP-conjugated BSA (on average 15 NIP molecules per BSA protein), whereas monomeric IgG-Ag complexes were formed by coincubation of a mouse monoclonal anti-OVA IgG 1 , the F2.3.58 antibody (kindly provided by F. Fitch, University of Chicago, Chicago), together with OVA. We designed two ELISAs that were able to specifically measure these two antibodies without cross-reactivity (Fig. S5) . Thus, we could cotransfer these two types of IgG-Ag ICs into the same WT Balb/C mouse and monitor the serum levels of NIP IgG and F2.3.58 antibodies independently. In a separate group of mice, we cotransferred similar amounts of Ag-free NIP IgG and F2.3.58 antibodies. The three monomeric IgG preparations, i.e., Ag-free NIP IgG and F2.3.58 antibodies, and F2.3.58 in monomeric complex with OVA, exhibited similar rates of degradation with a serum half-life of Ϸ5.5 days. In comparison, NIP IgG transferred as a part of large multimeric ICs displayed a markedly accelerated degradation with a serum half-life of Ϸ2.2 days (Fig. 7A) .
To further delineate the role of FcRn in the differential degradative fate of multimeric vs. monomeric IgG, we generated BM chimeric mice that were either WT or deficient for FcRn expression and followed the serum half-life of monomeric IgG (F2.3.58) and multimeric IgG ( NIP IgG in ICs) in these mice. As expected, the serum decay of both antibodies were faster in FcRn-deficient recipient mice (Fig. 7C ) compared with WT recipient mice (Fig.  7B) , and both antibodies were also degraded faster in mice reconstituted with FcRn-deficient BM (circles) compared with mice transplanted with WT BM (squares, Fig. 7 B and C) . These data show that cells of both myeloid and nonhematopoietic origins contribute to serum IgG protection, in agreement with recent published data (17) . More interestingly, compared with the monomeric F2.3.58 antibody, the degradative rate of NIP IgG transferred as a part of large multimeric ICs was markedly increased in mice reconstituted with WT, FcRn-expressing BM, in both WT and FcRn-deficient recipients (squares, Fig. 7 B and C) . In comparison, the degradation rates of NIP IgG in multimeric complex and monomeric F2.3.58 antibody were not significantly different within the groups of mice that were transplanted with FcRn-deficient BM (circles, Fig. 7 B and C) . These data indicate that IgG present in multimeric ICs exhibits an in vivo fate that is consistent with active trafficking toward lysosomal degradation rather than being recycled by FcRn and protected from degradation, the default route for unbound IgG or IgG in monomeric complexes. In addition, this enhanced degradation of the immune complexes is FcRn-mediated and depends on hematopoietic cells, because a faster rate of degradation was observed in mice that contained WT FcRn BM compared with FcRn-deficient BM. Because myeloid cells are the only cell type within the hematopoietic lineage that express FcRn as shown here, these studies indicate that cells of the myeloid lineage are the major cell types responsible for the physiological consequences of the differential cellular trafficking observed.
Discussion
Since the initial report of FcRn expression in human monocytes, macrophages, and DC (16), the biological function of this expression has been unknown. Two recent reports show FcRn in hematopoietic cells may play a role in IgG protection (17) , and polymorphonuclear neutrophils may facilitate IgG-mediated bacterial phagocytosis (26) . In this report, we confirm FcRn expression in professional APC in both human and mouse and lack of expression in lymphocytes (16, 17) . Furthermore, we now show that the expression of FcRn in DC is critically linked to the ability of these cells to present a particular class of Ags to T cells, i.e., multimeric ICs formed by multiple IgG molecules bound to a large globular protein Ag. Moreover, our studies suggest that the basis for this function is through the ability of FcRn to direct large multimeric ICs into lysosomes where Ag processing and loading take place. In contrast, neither multimeric ICs that are disabled in their ability to bind FcRn nor monomeric IgG-Ag complexes enter lysosomes and, consistent with this, do not promote Ag presentation relative to soluble Ag. More importantly, these differences specifically depended on FcRn function and were observed in the presence of an intact ability of both types of ICs to bind classical Fc␥R.
The majority of Ags gain access to DC via nonspecific pinocytosis and phagocytosis, whereas some are taken up more efficiently via receptor-mediated endocytosis such as through IgG via Fc␥Rs (1). Indeed, we observed a slightly increased presentation of ICs compared with soluble Ags by FcRn-deficient DC in the murine in vitro assay, indicating a role for Fc␥R. However, we have identified FcRn as a structurally distinct Fc-binding receptor that is unique in the pH dependency of its binding as being critical for the efficient presentation of ICs by DCs in addition to Fc␥R. The expression level of FcRn on human DC surfaces is low and, under steady-state conditions, FcRn is observed to reside mostly intracellularly within early endosomes (ref. 16 and data not shown). Together with the fact that FcRn binds IgG poorly at neutral pH found in most extracellular spaces (6) , it is unlikely that the cell surface of DC is the major site where the primary binding of IgG containing Ags to FcRn occurs. Rather, such Ags probably gain access to DC initially via either nonspecific pinocytosis, or more efficiently, through receptor-mediated uptake by binding, for example, to Fc␥R that are abundantly expressed on the cell surface of DC. Shortly after uptake, these IgG-containing Ags traffic to early endosomes where FcRn resides. During endosomal acidification, the pH within the endosomes decreases and approaches the range (pH Ͻ6.5) for efficient FcRn-Fc binding (27) , whereas at the same time, Fc␥R-Fc binding is largely ineffective at pH Ͻ6.5 (data not shown). Therefore, it is probable that the initial FcRn-Fc binding first takes place within slightly acidified early endosomes.
Interestingly, after initial FcRn binding in early endosomes, the fate of the Fc-containing Ags seems to differ depending on the structure of the Ag complex as shown here. In the current study, functional and morphological evidence indicates that large multimeric ICs formed by multiple IgG molecules bound to an antigenic protein traffic to lysosomal compartments where further Ag processing and peptide loading onto MHC take place. In contrast, smaller monomeric complexes formed by one single antibody bound to each Ag molecule, such as those formed by NIP IgG and mono-NIP-conjugated peptides, were not observed to traffic to lysosomes and as a result were not more efficiently presented than non-FcRn-binding Ags with similar structures. That FcRn can traffic into lysosomes is in stark contrast to earlier studies on FcRn trafficking performed in the absence of ligand (IgG) or in the presence of monomeric IgG, wherein FcRn was reported to avoid trafficking to lysosomes (11, 25) . Indeed, the specific evasion of lysosomes has been considered one of the hallmarks of FcRn trafficking by which FcRn prolongs the biological half-life of IgG. Our studies now indicate that this FcRn-mediated protection is applicable only for Ag-free IgG and IgG present in small monomeric IgG-Ag complexes. Once found as part of larger multimeric IgG-Ag complexes, those IgG molecules are shown to enter lysosomes. Consistent with this, large ICs are cleared much faster than either Ag-free IgG or monomeric IgG-Ag complexes from the circulation, and this accelerated degradation depends on the expression of FcRn in hematopoietic cells. Given the unique role of FcRn in IgG metabolism and our current finding that large IgG-Ag ICs bound to FcRn are being trafficked to lysosomes, we suggest that FcRn has a unique dual role in IgG metabolism. Whereas FcRn protects and prolongs the serum half-life of monomeric IgG under noninflammatory conditions, FcRn actively facilitates the degradation of presumably pathogenic multimeric IgG-Ag complexes by trafficking them to the lysosomes. When this takes place in a professional APC such as a DC, the lysosomal trafficking will also lead to the efficient presentation of Ag epitopes present in the ICs. As such, FcRn provides a crucial function in distinguishing between noninflammatory and inflammatory forms of IgG. Because microorganisms are characterized by repetitive Agic structures, FcRn may assist in the detection of their presence making FcRn of special importance to anti-microbial immunity. FcRndeficient animals are indeed more sensitive to certain bacterial infections (28, 29) .
Another aspect that deserves further study is the observation that FcRn nonbinding IHH-mutated ICs were not observed to enter lysosomes during the 50-min time period we studied. These results contrast with the notion that in the absence of FcRn-mediated protection, IgG enter the default lysosomal degradation pathway as has been observed in endothelial cells (25) . One possible explanation is that DC, as a professional APC, handles FcRn-directed Ags as ICs that are destined for presentation differently from proteins such as monomeric IgG that are destined for simple lysosomal degradation. This notion is supported by a recent study showing that within the same DC, each phagosome can encounter different trafficking and processing pathways leading to different efficiency in presentation of the antigenic cargo depending on the presence of toll-like receptor ligands contained within each individual phagosome (30) . Alternatively, IHH ICs could be rescued from lysosomal degradation by other Fc receptors because it has been reported that Fc␥RII can recycle ICs back to the cell surface (31) .
The mechanism by which FcRn distinguishes and thus directs differential trafficking of multimeric vs. monomeric-bound ligands in a DC is unknown. One possibility is that the cross-linking of FcRn molecules by multiple Fc-binding sites on large multimeric ICs may elicit signals mediated by some as yet to be defined molecular partners that ultimately result in FcRn trafficking to lysosomes. Interestingly, one recent study on the trafficking patterns of IgG molecules with either two WT FcRn-binding Fc or a heterodimeric Fc with only one FcRn binding site has revealed that ligand valency affects transcytosis, recycling and intracellular trafficking mediated by FcRn (32) . Another possibility that is not mutually exclusive is that because high-affinity Fc␥RI bind monomeric IgG, whereas low-affinity Fc␥RII can only bind multimeric ICs, FcRn may distinguish the structure of its bound ligands by recognizing the Fc␥R from which it receives its ligand in early endosomes.
It is interesting that these differences in behavior between monomeric and multimeric IgG-Ag complexes have been defined in a cell type that expresses classical Fc␥R raising the possibility that FcRn may be especially important or function differently in Fc␥R-bearing cell types (e.g., DC) vs. those that do not typically express Fc␥R (e.g., epithelial and endothelial cells). In total, these studies reveal a role for FcRn as an additional IgG receptor that is involved in Ag presentation drawing FcRn into a much broader role for immune function.
Materials and Methods
ICs and Ags. The WT chimeric NIP IgG was described in ref. 19 In Vivo T Cell Proliferation Assays. CD4 T cells from DO11.10 mice bearing an OVA-reactive transgenic TCR were purified by sequential negative selection with Pan T cell Isolation Kit and CD8 microbeads (Miltenyi) and labeled with 5 M CFDA-SE (Invitrogen). CFSE-labeled DO11.10 T cells (1 ϫ 10 6 ) were injected i.v. in the tail veins of WT or FcRn-deficient Balb/C mice followed by s.c. injection of preformed NIP IgG (WT or IHH-mutated, 40 g per injection) and NIP-OVA (15 g per injection) ICs into hind footpads. Three to 5 days later, the draining popliteal lymph nodes were harvested and the CFSE intensity of DO11.10 T cells examined after gating on KJ1-26-positive cells (BD). For each sample, the theoretical number of mitosis undergone by each progenitor cell (M/P ratio) was calculated as M/P ϭ [ΑC i Ϫ Α(Ci/2 i )]/[Α(Ci/2 i )], where Ci denotes the number of cell counts in each gated cell division.
Confocal Studies. Human monocyte-derived DCs were adhered to poly-L-lysinecoated coverslips and incubated with preformed ICs of Alexa 647 -labeled (Invitrogen) WT or IHH-mutated NIP IgG (40 g/ml) and NIP-OVA (20 g/ml) in HBSS pH 7.4 for 20 min at 37°C. The cells were then washed, further incubated in HBSS for various times, and fixed with 4% paraformaldehyde, permeabilized with 0.2% saponin and blocked with 10% goat serum (Zymed). The cells were stained with rabbit LAMP1 polyclonal antibodies (Abcam), Alexa 488 -goat-anti-rabbit (Invitrogen), biotin-mouse IgG 2b anti-human FcRn (ADM31), and streptavidin-Alexa 568 . The coverslips were mounted with ProLong Gold AntiFade (Invitrogen) and images captured on a Nikon TE2000-E inverted microscope coupled to a PerkinElmer spinning disk confocal unit.
For BM chimera and IgG half-life studies, see SI Text.
Statistics. One-way ANOVA with Bonferroni posttest was used for pairwise comparison of all groups for Figs. 2, 5, and 7. The result in Fig. 3 was tested with Mann-Whitney test, and paired Wilcoxon test was used in Fig. 4 . All statistical tests were run with Prism 4 software (GraphPad).
